Datum
Horizontal coordinate information is referenced to North American Datum of 1983 (NAD 83).
Supplemental Information
Concentrations of chemical constituents in sediment are given as micrograms per kilogram (µg/kg). 
Abstract
This report compares concentrations for a wide range of inorganic and organic constituents in bed sediment from Big Base Lake and Little Base Lake, which are located on Little Rock Air Force Base, Arkansas, to sedimentquality guidelines. This report also compares trace-metal concentrations in a bed-sediment core sample to sediment age to determine when the highest concentrations of trace metals were deposited in Big Base Lake.
Trace-metal results often were higher than background concentrations in the surrounding Pulaski County area, and concentrations of arsenic, cadmium, cobalt, copper, lead, manganese, mercury, nickel, and zinc at one or more of three study sites were higher than median concentrations for a study involving 98 urban streams in seven metropolitan areas of the United States. Concentrations for most polycyclic aromatic hydrocarbons, polychlorinated biphenyls, and organochlorine pesticides in all three bed-sediment samples were less than the laboratory reporting limit or were detected at low concentrations.
Some contaminants were detected at concentrations that are potentially toxic to sediment-dwelling biota; however, in general, the analyses suggest that the risk of sediment toxicity may be relatively low. Threshold effect concentrations were exceeded for 14 constituents-arsenic, copper, lead, nickel, and zinc, five polycyclic aromatic hydrocarbons compounds, chlordane, and all three dichlorodiphenyltrichloroethane (DDT) congeners-which suggests potential toxicity to some sediment-dwelling biota. Only two constituents had concentrations that exceeded published probable effect concentrations-arsenic (at the deepest site in Big Base Lake, NS6) and p,p'-dichlorodiphenyldichloroethylene (p,p'-DDE; at both sites in Big Base Lake, NS5 and NS6).
Regarding highest concentrations and associated timing of exposure, trace metals analyzed in the sediment core seem to indicate three fairly distinct exposure patterns. For 11 trace metals that had the highest concentration measured in the shallowest and most recently deposited sediment, the most likely explanation is recent exposure by anthropogenic activities. Most of the 11 trace metals with highest concentrations in shallow sediment are relatively innocuous; however, arsenic, copper, selenium, and zinc are among the U.S. Environmental Protection Agency's
Introduction
The U.S. Geological Survey (USGS) first analyzed trace metals in soil and bed-sediment samples collected at Little Rock Air Force Base (LRAFB) in the late 1980s and early 1990s as part of a broad screening of inorganic and organic constituents in soils and groundwater (Freiwald and others, 1991) . In 2005, a study was conducted by the USGS to evaluate water quality in the Big Base and Little Base Lakes located on LRAFB (Justus, 2005) . This is the third report provided to LRAFB by the USGS in a 4-year period. The first two reports were administrative reports that addressed trace-metal concentrations, primarily in bed-sediment samples, from Big Base and Little Base Lakes. In 2011, bed-sediment and fish-tissue sampling was conducted at Big Base and Little Base Lakes, and the analytical results were provided to LRAFB. Results from the bed-sediment sampling in 2011 indicated that trace-metal concentrations at LRAFB were higher than expected background concentrations.
In 2012, additional bed-sediment samples were collected near inflows to Big Base and Little Base Lakes to determine if trace-metal concentrations could be linked to a particular 2 Trace-Metal and Organic Concentrations in Bed Sediment at Big Base and Little Base Lakes, Little Rock Air Force Base area in the watershed. Concentrations for some trace metals in bed-sediment samples collected in 2012 exceeded sedimentquality guidelines (SQGs; MacDonald and others, 2000) that are protective of sediment-dwelling biota; however, tracemetal concentrations could not be linked to specific areas in the watershed. Later in 2012, more bed-sediment samples were collected from a range of lake depths. Results from that study indicated that trace-metal concentrations were higher in deeper parts of Big Base Lake compared to Little Base Lake and shallower parts of Big Base Lake.
In December 2013, as part of this study, more bedsediment sampling was conducted at two sites previously sampled by the USGS in deep areas of Big Base Lake. At the deeper of those two sites, the USGS collected sediments with a core sampler in addition to surficial sediments (defined as bed-sediment samples collected with a grab sampler from the top 2.5 centimeters [cm] of substrate). Samples throughout the core were analyzed for trace-metal concentrations to determine distribution as a function of depth. Sediment ages were determined to facilitate determinations for the most likely time of input for the trace metals. Because of concerns about the overall sediment toxicity, bed-sediment samples also were analyzed for organic compounds (including polycyclic aromatic hydrocarbons [PAHs] , polychlorinated biphenyls [PCBs] , and organochlorine pesticides [OCs] ) in addition to trace metals. As a consequence of discrepancies associated with some laboratory analyses, it was necessary to repeat the surficial sediment sampling in May 2014, which was previously completed in December 2013, and a surficial sediment sample also was collected at Little Base Lake.
Purpose and Scope
The purpose of this report is to compare concentrations for a wide range of inorganic and organic constituents in surficial sediment at two sampling locations in Big Base Lake and at one location in Little Base Lake to SQGs. This report also examines trace-metal concentrations for a bed-sediment core sample in relation to sediment age to determine when the highest concentrations of trace metals were deposited in Big Base Lake. The samples were collected in December 2013 and May 2014.
Study Area Description
More detailed descriptions of the study area can be found in an earlier USGS report (Justus, 2005) . Big Base Lake and Little Base Lake are connected beneath Arnold Drive by a culvert, and Big Base Lake has a much larger surface area and is much deeper than Little Base Lake ( fig. 1 ). Under normal (rainfall) conditions, Big Base Lake has a surface area of approximately 15.8 hectares, whereas the surface area of Little Base Lake is approximately 1.2 hectares. Big Base Lake was constructed from 1954 to 1956 as dirt was removed during the construction phase of adjacent residential areas (James Popham, Little Rock Air Force Base, written commun., June 2014).
Field and Laboratory Methods

Field Sampling
On December 4, 2013, the USGS collected two bedsediment samples for trace-metal analyses at two sites (NS5 and NS6) on Big Base Lake that had previously been sampled ( fig. 1, table 1 ). Both samples were collected from the water/ sediment interface using a Young grab sampler. The Young grab sampler was cleaned and samples were processed according to USGS protocols (Shelton and Capel, 1994; Justus, 2013) . The top 2.5 cm of the surficial sediment from three grabs was composited into a prewashed glass bowl. After being thoroughly mixed, bed sediment was transferred into appropriate sample containers with a Teflon spoon.
A bed-sediment core sample also was collected on December 4, 2013, at NS6, which was the deeper of the two sampling sites. The bed-sediment core sample was collected using a percussion gravity corer with a diameter of 89 millimeters (mm). The depth of Big Base Lake at NS6 was approximately 6.5 meters. The corer was gently lowered from an anchored boat until it reached the substrate, and a slide hammer was used to drive the sampling tube into the bed sediment to refusal, which is the depth below the bottom of the lake at the time of construction. The corer and the sample material were gently lifted up through the water column and back onto the boat, and the bottom of the tube was quickly capped to prevent sample loss. Approximately 20 cm of water above the sediment surface in the collected core was carefully poured off.
Sediment samples from the core were processed in a manner to provide information about when trace metals were deposited and whether concentrations increased or decreased through time (with depth from the top of the sediment core). The core was sectioned at 1-cm intervals from top to bottom, and sections were split to make two subsamples-one subsample for trace-metal analysis and one subsample for sediment-density and age models. A half of each 1-cm section was placed into a glass sample jar with a Teflon spoon for eventual trace-metals analysis. The remaining individual section halves were each placed into a plastic zip-top bag, labeled by depth, and used later for developing the sedimentdensity and age-dating models. Trace-metal samples submitted to the laboratory were typically a composite of five sequential subsamples; however, only 4 cm of core were available for the last sample. Samples were collected from approximately 74 cm of core, with 15 composite samples retained for tracemetal analysis. Initially, 16 samples that were composites of 4-6 cm were evaluated for the sediment-density and age-dating model (which involved analysis of isotopes of lead-210 [ 
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Based on results of the sediment-density model, sample material remaining after sediment-density measurements was eventually analyzed from other depths for the age-dating model. As a result of some quality-assurance issues at the laboratory (described below), the two sites on Big Base Lake were resampled on May 8, 2014, and an additional bedsediment sample also was collected from a site on Little Base Lake (NS2) at that time ( fig. 1 , table 1).
Laboratory Analysis
Trace metals from the December 2013 bed-sediment samples were analyzed using the same methods that had been used for previous studies conducted by the USGS on LRAFB; however, analyses were conducted by a different laboratory than in previous years. The U.S. Environmental Protection Agency (EPA) Solid Waste Method 6010B was used for all trace-metals but mercury, which was analyzed using method 7174A (U.S. Environmental Protection Agency, 2002). The USGS National Water Quality Laboratory conducted analyses for PAHs, PCBs, and OCs. The PAH samples were analyzed using schedule 5506 (Zaugg and others, 2006) and PCBs and OCs were analyzed using a custom analysis (laboratory code 8093; U.S. Geological Survey, 2015 Ra isotopes. Sediment data were stored in the USGS National Water Information System water-quality database (http://waterdata.usgs.gov/ nwis/qw/).
Quality-assurance samples collected in December 2013 indicated the trace-metal analyses for the bed-sediment samples and the core sample were compromised at the laboratory; consequently, a second set of analyses was necessary. Bed-sediment samples collected at the water/ sediment interface had to be resampled; fortunately, some sediment from all samples taken throughout the core had been archived and was available for the second analysis. As another quality-assurance step, trace-metal analyses for the samples collected in May 2014 were analyzed by two contract laboratories-Test America, the laboratory that had conducted previous analysis for the ongoing LRAFB project, and RTI, a new contract laboratory that analyzed the samples collected in December 2013. Unfortunately, even though material remained from the original core, those subsamples were not analyzed a second time for trace metals until June 2014, and holding times were exceeded for all trace-metal constituents.
Trace-Metal Comparisons
Trace-metal concentrations in Big Base and Little Base Lakes were compared to those of bed-sediment samples analyzed across different spatial and temporal scales. Results were provided along with results of previous samples collected at the two lakes in 2012, background concentrations for soils in the surrounding Pulaski County area (U.S. Geological Survey, 2004), concentrations measured in 198 stream sites across the United States (Gilliom and others, 1998) , concentrations measured in 98 urban streams in the United States (Moran and others, 2012) , and threshold effect concentrations (MacDonald and others, 2000) (table 2). Concentrations measured in 98 urban streams and threshold effect concentrations typically had the highest median tracemetal concentrations of the four reference concentrations, and direct comparisons were made only between 2014 samples and these two selected references (table 2) .
Sources and Methods Used to Determine Sediment-Quality Guidelines
Consensus-based SQGs such as threshold effect concentrations (TEC; below which adverse effects are not expected to occur), probable effect concentrations (PEC; above which adverse effects are expected to occur more often than not), and guidelines for probable effect concentration quotients (PEC-Qs; the combined toxicity of different chemical constituent groups) that were used in this study to evaluate sediment quality were determined by MacDonald and others (2000) by matching sediment chemistry and toxicity data. The PEC values for multiple constituents were combined to calculate mean PEC-Qs for each of the four chemical constituent groups-trace-metals, PAHs, (total) PCBs, and OCs. The PEC-Q values were calculated by dividing the 
Aging and Density Models
Sediment-age data were compared to trace-metal analyses for the core sample to estimate the year when the highest concentrations of several trace metals were deposited. Sediment densities were determined for 1-cm interval subsamples from the core, and a sediment-density modelentailing detailed core density measurements and empirical estimation of sedimentation rates-was developed at the University of Arkansas Stable Isotope Laboratory. Sediment density was used to determine the base of the lake sediment and whether the sediment had been disturbed in the past. Any sediment disturbance or mixing would invalidate some of the assumptions applied for development of the age-dating model. Using sediment density, the accumulated mass through the core was calculated, the accumulation was compared to age, and a sedimentation rate was determined. Pb used for dating. The sediment deposition chronology was calculated using the constant rate of supply (CRS) model (Appleby and Oldfield, 1978; Oldfield and Appleby, 1984) and checked for accuracy using the constant initial concentration (CIC) model (Robbins, 1978) . Age errors for the CRS model were propagated using first-order approximations and calculated according to Binford (1990) . Because the reservoir was only a little more than 50 years old at the time of core collection and reservoir sediments had accumulated for less than six half-lives of 210 Pb, total integrated, unsupported 210 Pb (megabecquerel) that should have accumulated at the core site could not be directly calculated. Instead, the amount of expected, unsupported 210 Pb was calculated by stipulating that sediment had been accumulating before the date of reservoir construction. This calculation approach can add error but is the standard approach used for sediments that are near the younger end of the sediment 210 Pb dating range (Robbins, 1978; Oldfield and Appleby, 1984) . Final results were feasible and reasonable solutions with good comparability using CRS and CIC models, indicating effective application of the method.
Trace-Metal and Organic Constituent Concentrations in Bed Sediment
Some trace-metal concentrations in surficial sediment samples were comparable to results from recent sampling efforts at Big and Little Base Lakes; however, other concentrations were higher than previous results (table 2) . Trace-metal concentrations measured in bed sediment in the Big Base Lake NS5 and Little Base Lake NS2 samples in May 2014 were comparable to concentrations measured at those two sites in October 2012 (table 2) . Trace-metal concentrations measured in bed sediment in the Big Base Lake NS6 sample in May 2014, however, were higher for 11 of 12 trace metals of concern compared to concentrations measured in October 2012. Higher concentrations in 2014 were likely the result of small-scale spatial variability that is commonly associated with trace-metal analysis (Rice, 1999; Justus, 2013) rather than temporal changes in concentration during the 19-month period between samples.
Trace-metal concentrations were higher than localand national-scale background concentrations. On a local scale, trace-metal concentrations collected in 2014 at the three sampling sites often were higher than background concentrations for soils in the surrounding Pulaski County area. This was true for arsenic (As), cobalt (Co), copper (Cu), lead (Pb), manganese (Mn), mercury (Hg), nickel (Ni), and zinc (Zn) (table 2; U.S. Geological Survey, 2004). On a national scale, concentrations of As, cadmium (Cd), Co, Cu, Pb, Mn, Hg, Ni, and Zn at one or more of the three sites sampled in May 2014 were higher than median concentrations for a study involving 98 urban streams in seven metropolitan areas of the United States (table 2; Moran and others, 2012) .
Concentrations for most PAH, PCB, and OC pesticide constituents in all three bed-sediment samples were less than the laboratory reporting limit or were detected at low concentrations (app. 1). Unlike trace metals, substantially higher concentrations were not observed at one site compared to the remaining two sites.
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Comparisons of Constituent Concentrations to Sediment-Quality Guidelines
Available SQGs suggest that some contaminants were detected at concentrations that are potentially toxic to sediment-dwelling biota. Detected concentrations were above TECs for 14 of the 23 trace-metal, PAH, PCB, and OC constituents evaluated. Trace-metal concentrations of As, Cu, Pb, Ni, and Zn exceeded established TECs, as did five PAH compounds (benz [a] anthracene, benzo[a]pyrene, chrysene, fluoranthene, and pyrene), chlordane, and all three DDT congeners (table 3) . Trace metal TECs were exceeded most frequently and to the greatest degree at the deepest site in Big Base Lake, NS6. The PAH TECs were only exceeded at NS2, whereas OC TECs were exceeded at all sites. Only two constituents had concentrations that exceeded published PECs-As (NS6) and the p,p'-DDE (NS5 and NS6, table 3).
The consensus-based SQGs also can provide a basis for predicting sediment toxicity when sediments contain mixtures of contaminants. MacDonald and others (2000) reported that based on various freshwater toxicity analyses, mean PEC-Qs greater than 0.5 (calculated in their case using the PECs for eight trace metals, the PEC for total PAHs [rather than the PECs for individual PAHs], the PEC for PCBs, and the PEC for p,p'-DDE), were toxic to sediment-dwelling organisms about 85 percent of the time. Of the 12 mean PEC-Qs calculated for the LRAFB samples (for trace metals, PAHs, PCBs, and OC pesticides at each of the three sites), only 1 equaled 0.50 (a level that is toxic to sediment-dwelling organisms about 85 percent of the time)-the mean tracemetal PEC-Q calculated for the Big Base Lake NS6 sample (table 4). The overall mean PEC-Qs for the 23 trace metal, PAH, PCB, and OC pesticide constituents evaluated (for example, 0.30 at NS6, table 4) suggest that the risk of toxicity may be relatively low.
Sediment Deposition, Constituent Concentrations, and Indications for Timing of Exposure
Results of the density model and sediment chronology in Big Base Lake at NS6 indicate that lake-sediment deposition was initiated at a depth between 23 and 28 cm (table 5) . However, sediment at a depth of 28 cm is estimated to have been deposited in approximately 1947, which would have been prior to construction of the reservoir (circa 1954). Sediment at a depth of 23 cm is estimated to have been deposited in approximately 1968.
Regarding the highest concentrations and associated timing of exposure, trace metals analyzed in the bed-sediment core sample seem to indicate three fairly distinct exposure patterns. For 11 trace metals-antimony (Sb), As, barium (Ba), calcium (Ca), Cu, iron (Fe), Mn, molybdenum (Mo), selenium (Se), sodium (Na), and Zn-concentrations were highest in sediments nearest to the water/sediment interface (table 6). For three trace metals-Cd, Pb, and Hgconcentrations were highest in sediments that were 16-20 cm deep. For eight trace metals-Al, beryllium (Be), chromium (Cr), Co, magnesium (Mg), Ni, potassium (K), and vanadium (V)-concentrations were highest in sediments that were just below the prereservoir surface at the time of construction or at a current sediment depth of about 30 cm (table 6) .
For the 11 trace metals that had the highest concentration measured in the shallowest and most recently deposited sediment, the most likely explanation is recent exposure to anthropogenic activities (such as general urbanization, vehicular wear and tear, and parking lot runoff; Justus, 2013) . Most of the 11 trace metals with the highest concentrations in shallow sediment are relatively innocuous; however, As, Cu, Se, and Zn are listed by the EPA as being in the top 126 priority pollutants (U.S. Environmental Protection Agency, 2014).
For Cd, Pb, and Hg, three trace metals for which concentrations were highest in sediments that were 16-20 cm down the bed-sediment core, it is likely that a source associated with those priority contaminants (and that period) was reduced or eliminated. This pattern has been noted in numerous other studies (Mahler and others, 2006) and likely reflects a strong, atmospherically derived, anthropogenic input that occurred through the 1970s. For example, the discontinued use of leaded fuels in the 1970s has resulted in decreases in anthropogenic lead from 30 to 79 percent (Mahler and others, 2006) , whereas lower concentrations of Hg and other trace metals during that same period may be associated with industrial advances in the reduction of air emissions. Higher concentrations of some constituents in the surficial sample from site NS6 compared to median concentrations from the 98 urban stream samples could be related more to differences in the physical properties of lake sediment compared to stream sediment than to sources of contamination. For instance, given the same source exposure, the higher the sand:silt ratio, the lower the trace metal concentration that might be expected.
Two scenarios could apply to the remaining eight trace metals that had the highest concentrations near the bottom of the lake at the time of construction. It is possible that sources for some trace metals were eliminated after lake construction; however, concentrations in soils sampled in the Pulaski County area also suggest that background concentrations in soils in the LRAFB area can be relatively high (table 2). Values were below the detection limit and estimated by the laboratory but were considered to be actual values in the calculation of sediment-quality guidelines for these PAH, DDD, and DDT constituents. 
Summary
This report compares concentrations for a wide range of inorganic and organic constituents in surficial bed sediment at two sampling locations in Big Base Lake and at one location in Little Base Lake, which are located on Little Rock Air Force Base, Arkansas, to sediment-quality guidelines. This report also compares trace-metal concentrations in a bedsediment core sample to sediment age to determine when the highest concentrations of trace metals were deposited in Big Base Lake.
Trace-metal concentrations were higher than background concentrations at the local and national scale. On a local scale, trace-metal concentrations from samples collected in 2014 often were higher than background concentrations for the surrounding Pulaski County area. On a national scale, concentrations of arsenic, cadmium, cobalt, copper, lead, manganese, mercury, nickel, and zinc at one or more of the three sites sampled in May 2014 were higher than median concentrations for a study involving 98 urban streams in seven metropolitan areas of the United States. Concentrations for most polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and organochlorine (OC) pesticide constituents in all three bed-sediment samples were less than the laboratory reporting limit or were detected at low concentrations.
Some contaminants were detected at concentrations that are potentially toxic to sediment-dwelling biota; however, in general, the analyses suggest that the risk of sediment toxicity may be relatively low. Detected concentrations were above threshold effect concentrations (TECs) for 14 of the 23 trace-metal, PAH, PCB, and OC constituents evaluated. Trace-metal concentrations for arsenic, copper, lead, nickel, and zinc exceeded established TECs, as did five PAH compounds (benz [a] anthracene, benzo[a]pyrene, chrysene, fluoranthene, and pyrene), chlordane, and all three dichlorodiphenyltrichloroethane (DDT) congeners. Trace metal TECs were exceeded most frequently and to the greatest degree at the deepest site in Big Base Lake, NS6. The PAH TECs were only exceeded at the site in Little Base Lake, but all sites had OC TECs that were exceeded. Only two constituents had concentrations that exceeded published probable effect concentrations (PECs)-arsenic (at the deepest site in Big Base Lake, NS6) and dichlorodiphenyldichloroethylene (p,p'-DDE, at both sites in Big Base Lake, NS5 and NS6). Of the 12 mean probable effect concentration-quotients (PEC-Qs) calculated (for trace metals, PAHs, PCBs, and OC pesticides at each of the three sites), only the sample from Big Base Lake, NS6 exceeded 0.50. The overall mean PEC-Qs for the 23 trace metal, PAH, PCB, and OC pesticide constituents evaluated, suggest that the risk of toxicity may be relatively low.
Regarding the highest concentrations and associated timing of exposure, trace metals analyzed in the bedsediment core sample seem to indicate three fairly distinct exposure patterns. For the 11 trace metals that had the highest concentration measured in the shallowest and most recently deposited sediment, the most likely explanation is recent exposure to anthropogenic activities (such as general urbanization, vehicular wear and tear, parking lot runoff). Most of the 11 trace metals with the highest concentrations in shallow sediment are relatively innocuous; however, arsenic, copper, selenium, and zinc are listed by the U.S. Environmental Protection Agency as being in the top 126 priority pollutants.
For three trace metals for which concentrations were highest in sediments that were 16-20 cm down the bedsediment core, it is likely that a source associated with those contaminants (and that period), was reduced or eliminated. The discontinued use of leaded fuels in the 1970s has resulted in decreases in anthropogenic lead from 30 to 79 percent, whereas lower concentrations of mercury and other trace metals during that same period may be associated with industrial advances in the reduction of air emissions.
Two scenarios could apply to the remaining eight trace metals that had the highest concentrations near the bottom of the lake at the time of construction. It is possible that sources for some trace metals were eliminated after lake construction or it is possible that background concentrations in soils in the LRAFB area are relatively high. 
